Supplemental Inventory
After 1 day, the cells were transfected with the indicated DNA constructs, and after 1 more day, cells were fixed and stained for -tubulin. KIF21Ar -KIF21A rescue construct containing silent mutations making it insensitive to KIF21A(B) siRNA.
B.
Plots of the percentage of non-radial MTs running along the cell edge and the total number of MTs in a 4 x 7 μm box adjacent to the cell edge. Measurements were performed in 10 cells per condition. Values significantly different from control are indicated by asterisks (*, p < 0.05; **, p < 0.001, Mann-Whitney U test).
C. Coomassie-stained gels with purified KIF21A-MD2-GFP or KIF5B-MD2-GFP.
D.
Kymograph illustrating the behavior of purified KIF21A-MD2-GFP (20 nM) on dynamic MTs grown in the presence of 10 nM mCherry-EB3. Only the GFP signal is shown.
E,F.
Parameters of MT dynamics in presence of 10 nM mCherry-EB3 and different concentrations of KIF21A-MD2-GFP or KIF5B-MD2-GFP. ~120 MT growth events were analyzed for each condition in at least two independent experiments. Homology model of the human KIF21A motor domain (residues 1-369). Two residues mutated in CFEOM1, C28 and M356, are highlighted in red. The putative MT binding site, helix 4, is shown in yellow. The model was constructed by SWISS-MODEL homology modeling server (Arnold et al., 2006; Kiefer et al., 2009 ) using the mouse KIF4 motor domain structure as the model (pdb: 3ZFD). As the human KIF21A motor domain contains an extension (residues 238 to 264), which is not present in the mouse KIF4 motor domain, these residues are not displayed in the figure. Constructs expressing GFP alone and the indicated GFP fusions were transfected into hippocampal neurons at day 1 in vitro. 4 days later, growth cones containing GFP signal were photobleached and its recovery was measured over a 1 min period.
Fluorescence intensity was normalized to the initial value. 9-10 growth cones were analyzed for each condition. Table S1 , related to Fig.1 and Fig. S1 . Analysis of the FRAP data. 
SUPPLEMENTAL EXPERIMENTAL PROCEDURES

Cell culture and transfection of DNA constructs
HeLa, COS-7 and HEK293T were cultured as described previously . PolyFect (Qiagen), FuGENE 6 (Roche) or Lipofectamine 2000 (Invitrogen)
reagents were used for plasmid transfection. Primary hippocampal cultures were prepared from brains of embryonic day 18 (E18) rats as described previously (Jaworski et al., 2009) Netherlands). GFP-LL5β, RFP-LL5β and GFP-ELKS (Lansbergen et al., 2006) , EB3-mRFP (Grigoriev et al., 2008) and HA-liprin-α1 (Spangler et al., 2011) were described previously. EB3-TagRFP-T was generated in pEGFP-N1-like vector ( a gift of Y. Mimori-Kiyosue, Riken, Japan). BioHA-liprin-α1 was generated by cloning a linker encoding the sequence MASGLNDIFEAQKIEWHEGGG into HA-liprin-α1
construct. mCherry-liprin-α1 was subcloned into GW1-mCherry vector. HA-liprin-β1 was generated using human cDNA (NM_003622) in GW1-HA by cloning and PCRbased strategies and BioGFP-liprin-β1 was generated by re-cloning liprin-β1 in frame into the BioGFP vector based on pEGFP-C1. KANK1 and KANK2 fusions and KANK1 deletion constructs were generated using human cDNA clones KIAA0172
and KIAA1518 (Kazusa DNA Research Institute) in pEGFP-C1 or its derivatives where GFP was substituted for mCherry or TagRFP-T by a PCR-based strategy.
Rescue constructs were made by a PCR-based mutagenesis strategy; for KIF21A, the target sequence GTAAGACCCATGTCAGATA was mutated to GTCAGGCCTATGTCGGACA; for KANK1, the target sequence AGAGAAGGACATGCGGAT was mutated to TGAAAAAGATATGCGAAT.
For neuronal expression, KIF21A constructs were cloned into a modified GW1-vector (British Biotechnology) (Hoogenraad et al., 2005) . GST-KIF21A-H1
was generated by a PCR-based strategy in pGEX-6P-1. KIF21A-MD2 and KIF5B-MD2 were cloned in frame with EGFP-6xHIS tag at the C-terminus into pET28a
vector modified to remove the N-terminal His-tag and the T-tag. GUAAGACCCAUGUCAGAUA, human liprin-α1:
GGCUGAAAAAAAUCGUAAA, human liprin-β1: GAUUCGAGAUUUGGAGUUU, LL5β: GGAGAUUUUGGAUCAUCUA (Lansbergen et al., 2006) , ELKS: GUAGGGAAAACCCUUUCAAU (Lansbergen et al., 2006) . KANK1 and KANK2 were depleted using OnTarget-Plus SmartPool (Dharmacon); for rescue experiments with the KANK1 construct, an siRNA with the target sequence CAGAGAAGGACAUGCGGAU was used. Synthetic oligos were transfected using HiPerFect (Qiagen) at a concentration of 5 nM and cells were analyzed 72 hr after transfection.
Antibodies and immunofluorescent cell staining
We used chicken polyclonal antibodies against β-galactosidase (Aves Labs), rabbit polyclonal antibodies against GFP (Abcam or MBL), HA (Santa Cruz), LL5β (Lansbergen et al., 2006) , KANK1 and KANK2 (Sigma), ELKS (a gift from Dr. F.
Melchior, ZMBH, University of Heidelberg, Germany), liprin-α1 (Spangler et al., 2011) , KIF21A (Tischfield et al., 2010) 4%PFA/4% sucrose in PBS, and subsequently incubated with primary antibodies in GDB buffer (0.2% BSA, 0.8% NaCl, 0.5% Triton X-100, 30 mM phosphate buffer, pH 7.4) overnight at 4°C. Next, neurons were washed three times in PBS for 5 min and incubated with Alexa-conjugated secondary antibodies in GDB buffer for 1 hr at room temperature. Neurons were washed three times in PBS for 5 min and slides were mounted using Vectashield mounting medium (Vector labatories).
Image Acquisition and Processing
Images of fixed cells were collected with a Leica DMRBE microscope equipped with Images were prepared for publication using MetaMorph and Adobe
Photoshop. All images were modified by adjustments of levels and contrast; for images of live cells, averaging of several consecutive frames was performed in some cases; in addition to adjustments of levels and contrast, Unsharp Mask and Blur filters (Photoshop) were applied. Maximum intensity projection, kymograph analysis and various quantifications were performed in MetaMorph. Growth cone tracking was performed using MTrackJ-plugin for ImageJ (Meijering et al., 2012) by selecting the point within the growth cone with the highest intensity. To quantify growth cone dynamics, completely static growth cones (≤10µm/hr) were excluded from analysis.
Statistical analysis was performed using non-parametric Mann-Whitney U-test in SigmaPlot.
Protein purification, immunoprecipitation and Western blotting
GST fusions were expressed in BL21 E. coli and purified with Glutathione Sepharose 4B (GE Healthcare). Immunoprecipitations and Western blotting were described previously (Lansbergen et al., 2004) . 
Analysis of MT dynamics in vitro
The in vitro MT plus end tracking assay was performed as reported before (Montenegro Gouveia et al., 2010) . Briefly, microscopy slides and precleaned glass coverslips were used to assemble a flow chamber with the help of double-sided tape.
The chamber was treated with 0.2 mg/ml PLL-PEG-biotin (Surface Solutions, Switzerland) in MRB80 buffer (80 mM K-PIPES, pH 6.8, 4 mM MgCl 2 , and 1 mM EGTA) for 5 min. After washing the chamber with MRB80 buffer, it was incubated with 0.8 mg/ml NeutrAvidin for 5 min. Short MT seeds were prepared using 20 µM tubulin mix containing 18% biotin-tubulin and 12% rhodamine-tubulin (Cytoskeleton, Inc.) with 1 mM GMPCPP at 37 o C for 30 min. The polymerized MTs were pelleted by centrifugation in an Airfuge for 5 min. After one round of depolymerization of the MTs and polymerization with 1 mM GMPCPP the final MT seeds were stored in MRB80 buffer containing 10% glycerol. The seeds were attached to the coverslips using biotin-NeutrAvidin links and incubated with 0.8 mg/ml -casein.
The in vitro reaction mixture consisting of 15 µM tubulin, 50 mM KCl, 0.1%
Methyl cellulose, 0.5 mg/ml k-casein, 1 mM GTP, oxygen scavenging system (20 mM glucose, 200 µg/ml catalase, 400 µg/ml glucose-oxidase, 4 mM DTT), 2 mM ATP, 10 nM mCherry-EB3 and the specified amount of KIF21A-MD2-GFP was added to the flow chamber and sealed with grease. During the experiments the samples were maintained at 30 o C and data were collected using TIRF microscopy.
The values for MT growth rate and catastrophe frequency were obtained using kymograph analysis. Catastrophe frequencies were obtained by dividing the total number of catastrophes observed by the total time MT spent in growth. The standard deviation for catastrophe frequency was calculated as described previously (Walker et al., 1988) .
Kinesin in vitro motility assay
Kinesin motility assay was performed similar to the in vitro MT dynamics assay, with following adjustments. Rhodamine-tubulin seeds were elongated by incubation at room temperature for 1 to 2 days. These MTs were attached to coverslips with biotinNeutrAvidin links as described above. HEK293T cells were transfected with the constructs expressing KIF21A-GFP fusions, lysed in TBS buffer (20 mM tris, 150 mM NaCl, pH 8.0) supplemented with 1x protease inhibitor cocktail (Roche) and 0.5% Triton-X100 and centrifuged in an Airfuge for 5 minutes. Cell lysates were added to the reaction mix which contained oxygen scavenging system, 10 mM glucose, 2 mM ATP, 2 mM MgCl 2 in MRB80 buffer and added to the flow chamber and imaged by TIRF microscopy.
MT pelleting assay
For MT pelleting assays, tubulin isolated from bovine brain (Cytoskeleton, Inc.) was 
Mass spectrometry
Mass spectrometry was performed as described previously .
The Mascot search algorithm (version 2.2, MatrixScience) was used for searching against the Uniprot database (taxonomy: Homo sapiens; release human_2011_11.fasta). The peptide tolerance was set to 10 ppm (Orbitrap) or to 2 Da (ion trap) and the fragment ion tolerance was set to 0.8 Da. A maximum number of 2 missed cleavages by trypsin were allowed and carbamidomethylated cysteine and oxidized methionine were set as fixed and variable modifications, respectively. The
Mascot score cut-off value for a positive protein hit was set to 65. Individual peptide MS/MS spectra with Mascot scores below 40 were checked manually and either interpreted as valid identifications or discarded.
Modeling
To model MT organization we used Monte Carlo simulations of simple two-state dynamic instability model (Dogterom and Leibler, 1993) , (Katrukha and Maly, in preparation) . In this model, MTs form a radial array with their minus ends attached to an immobile centrosome in the center of a round cell with a radius of 25 μm. Plus ends are free and constantly switch between two states: growth and shortening. We assume that velocities of growth and shortening, and catastrophes and rescues times are distributed according to gamma distributions (Odde et al., 1995) with values of mean and standard deviation presented in Table S2 .
In the initial moment the length of all MTs is equal to zero and they all are in 

For CHO cells MT persistence length l p * was estimated to be equal to 30 μm (Brangwynne et al., 2007) . Since MTs in HeLa cells appear straighter than in CHO cells, in our simulations we used the value of 60 μm. The variation of this parameter in the range of 25-70 μm did not significantly affect the results. Total time of each simulation was equal to eight hours with integration time step 0.01s for a MT array consisting of 250 MTs. The radiality value was calculated as the percentage of MT segments pointing outward after subtracting 50% and multiplying the resulting value by two. Defined in this way radiality is equal to 100% when all segments point outward and to 0% when orientation of MT segments is random, i.e. 50% point outward and 50% inward.
Dynamics simulations were implemented using custom written C++ program with random number generators from the boost library (http://www.boost.org/).
Visualization of the results was performed in Mathematica software (Wolfram Research, Inc., ver.7, Champaign, IL, 2008) .
Analysis of neuronal morphology and growth cone dynamics
For morphometric analysis of hippocampal neurons, images of transfected neurons were analyzed for total axonal length and axonal branching in Matlab with SynD (Schmitz et al., 2011) . For analysis of primary neurite length, the NeuronJ plugin in ImageJ (Meijering et al., 2004) was used. For growth cone analysis, GFP-positive growth cones were selected and imaged for 60 min with 3 min interval. After 12 min conditioned neuronal medium was replaced for conditioned medium supplemented with 10 nM Semaphorin 3F (R&D) to induce growth cone collapse. Growth cone area was measured by framing the growth cone using the freehand tool in ImageJ software.
For growth cone collapse analysis, only growth cones that showed dynamic behavior in the 5 frames before Sema3F addition were included. Growth cones with less than 3 filopodia in the last 15 min were considered collapsed (Richter et al., 2007; Yang et al., 2012) .
